INTRODUCTION
Hybridization is a prevalent feature in the organization of biological diversity with as much as 18% of species hybridizing in nature (Mallet 2005) . Many cases of hybridization have been attributed to species invasions and other forms of ecological disturbances (Grant 1971 , Avise 2004 . Whether these invasions and disturbances were intentional or accidental, they have allowed contact between species that were previously allopatric. The degree to which hybridization takes place in nature varies greatly. Hybridization can range from a rare to a common occurrence and, depending on the fitness of the F 1 and other hybrids, may result in little to extensive introgression (Avise 2004) . In some cases, the level of hybridization that occurs between 2 species depends upon the environmental circumstances in which they become sympatric (Grant 1971) .
In the marine environment, hybridization among species in the Mytilus edulis complex has been well documented. Commonly known as blue mussels, this complex consists of 3 species (M. edulis, M. galloprovincialis and M. trossulus) that have a worldwide distribution (McDonald et al. 1991 , Seed 1992 ) and hybridize where they co-occur. M. edulis and M. galloprovincialis are the 2 more closely related of the 3 species (Rawson & Hilbish 1995) . These 2 species hybridize readily and form hybrid swarms in several locations in the northeast Atlantic, despite strong selection acting on these individuals. Selection in this area typically favors M. galloprovincialis alleles (Gardner & Skibinski 1988 , Wilhelm & Hilbish 1998 ABSTRACT: Species in the Mytilus edulis complex (M. edulis, M. galloprovincialis and M. trossulus) hybridize in nature but, depending on the species pair involved, hybridization can range from minimal to very common with extensive introgression. Since M. galloprovincialis has been introduced within the geographic range of M. trossulus in several locations, this system provides the opportunity to determine whether the propensity for hybridization and the resulting level of introgression depends upon environmental circumstances in which the 2 species become sympatric. Contact between these 2 species on the Northeast Pacific coast and within the Puget Sound results in low levels of hybridization with little to no introgression. The present study examines the level of hybridization and introgression between M. galloprovincialis and M. trossulus around Hokkaido, Japan, where these species are also sympatric. We show that 2 independent hybrid zones exist in Hokkaido, each having distinct genetic architectures. The hybrid zone formed along the northern coast of Hokkaido is similar in structure to those reported in the northeast Pacific. The second hybrid zone formed along the southern coast of Hokkaido differs markedly from these other hybrid zones by exhibiting an exceptionally high propensity for hybridization, but, like other hybrid zones between these 2 species, it generates minimal levels of introgression. The mechanism(s) producing high levels of hybridization between M. galloprovincialis and M. trossulus in southern Hokkaido may include some form of apparent outcrossing or hybrid vigor for survival but not for fertility.
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Resale or republication not permitted without written consent of the publisher et al. 2002) . In addition, Rawson & Hilbish (1998) showed that hybridization between these species has led to extensive asymmetric introgression of mitochondrial genomes.
In contrast, Mytilus edulis and M. trossulus have levels of hybridization that depend on location. These 2 species are sympatric and hybridize in the northwest Atlantic (Comesaña et al. 1999 , Rawson et al. 2001 , Riginos & Cunningham 2005 and within the Baltic Sea (Riginos & Cunningham 2005 , Kijewski et al. 2006 ). In the northwest Atlantic, hybridization between these species is less than 30% (Comesaña et al. 1999 , Riginos & Cunningham 2005 , F 1 hybrids are rare (Rawson et al. 2001 ) and backcrossed individuals tend to favor M. trossulus alleles (Riginos & Cunningham 2005) . Furthermore, evidence of reduced fertilization success when interspecific mating occurs between these 2 species has been reported in the northwest Atlantic (Rawson et al. 2003) . In the Baltic, on the other hand, a high level of introgression occurs between M. edulis and M. trossulus; individuals with gentoypes consistent with either of the pure species or F 1 hybrids are rare and backcrossed individuals contain a preponderance of M. edulis alleles (Riginos & Cunningham 2005 , Kijewski et al. 2006 .
Mytilus galloprovincialis is highly invasive and has been reported as one of the top 100 invasive species of the world (Lowe et al. 2000) . Native to the Mediterranean, the Black Sea and the eastern Atlantic, M. galloprovincialis has successfully invaded Australia (Daguin & Borsa 2000 , Hilbish et al. 2000 , South Africa (Grant & Cherry 1985) , Chile (Daguin & Borsa 2000) , California (McDonald & Koehn 1988) , the Puget Sound (Anderson et al. 2002) and Asia (Wilkins et al. 1983 , Lee & Morton 1985 , McDonald & Koehn 1988 , Suchanek et al. 1997 , Skurikhina et al. 2001 . M. galloprovincialis has been widely introduced through transport in ship ballast water (Carlton 1992 , Geller et al. 1994 ) and for aquaculture purposes (Heath et al. 1995) . Repeated introductions of M. galloprovincialis into different portions of the range of M. trossulus provide the opportunity to test the hypothesis that the propensity to hybridize and the consequent levels of introgression depend upon the environment. In the northeastern Pacific, separate introductions of M. galloprovincialis to California and the Puget Sound have led to the formation of 2 hybrid zones with low levels of hybridization and little introgression (Rawson et al. 1999 , Anderson et al. 2002 . A third contact zone between these species occurs in northern Japan, but this area has not been examined closely. Previous research has indicated that both M. galloprovincialis and M. trossulus co-occur in northern Japan (Inoue et al. 1997 , Suchanek et al. 1997 ) and the western Sea of Japan (Skurikhina et al. 2001) and are capable of hybridizing (Inoue et al. 1997) , but the extent of the hybrid zone and the level of hybridization are unknown. The present study examines whether the pattern of hybridization between M. galloprovincialis and M. trossulus in northern Japan is similar to that observed in other geographic locations where these species hybridize. Here we show that contact between M. galloprovincialis and M. trossulus has produced 2 independent hybrid zones in northern Japan and there are extraordinary levels of hybridization in one of these hybrid zones compared to other regions where these species are sympatric.
MATERIALS AND METHODS
Mytilus edulis complex individuals were collected from 9 sites around the island of Hokkaido, Japan, in July 2004 and 25 sites in May 2006 (see Table 1 ). Shosanbetsu (SHO) was the only site from 2004 that was not resampled in 2006. Mussels were all collected from intertidal locations, with one exception, Akkeshi, where mussels were collected from both intertidal and subtidal habitats. Once collected, mussels were measured from anterior to posterior ends and separated into 5 mm size classes. A piece of the mantle edge tissue was dissected from mussels >10 mm in length and preserved in 95% ethanol, while individuals ≤10 mm in length were preserved whole. Total cellular DNA was extracted following the protocol in Rawson et al. (1999) with DNA resuspended in 25 to 150 µl of dH 2 O depending on pellet size.
Extracted DNA was assayed utilizing 3 PCR-based nuclear genetic markers. Reactions were performed in 12.5 µl volume containing 1 × buffer, 0.2 mM dNTP, 1.5 mM MgCl 2 , 0.3 µM of each primer, 0.5 units of Taq polymerase (Promega) and 1 µl DNA. The first marker utilized primers Me 15 and Me 16 (Inoue et al. 1995) to amplify the 5' end of the polyphenolic adhesive protein gene . Thermal cycler conditions consisted of initial denaturation at 94°C for 1 min followed by an incubation of 30 cycles at 92°C for 30 s, 53°C for 60 s and 75°C for 60 s with a final primer extension for 5 min at 75°C. This reaction produces size-specific banding patterns that distinguish Mytilus galloprovincialis and M. trossulus alleles (Inoue et al. 1995) . The second marker targeted the internal transcribed spacer (ITS) region utilizing primers stated in Heath et al. (1995) . Amplification consisted of the same conditions as Glu-5' except for the annealing step, which was changed to 51°C for 30 s. Since the PCR products from this reaction are equal in length for both M. galloprovincialis and M. trossulus, a restriction enzyme digest was performed to obtain restriction profiles that differentiate between M. galloprovincialis and M. trossulus alleles (Rawson et al. 1996) . The third nuclear marker amplified the Mytilus anonymous locus-I (MAL-I) using the primers reported in Rawson et al. (2001) . Thermal cycler parameters consisted of initially denaturing samples at 94°C for 2 min, followed by an incubation of 30 cycles at 94°C for 30 s, 51°C for 30 s and 72°C for 3 min, with a final primer extension for 5 min at 72°C. Since this marker also produces equal length PCR product for both species, a restriction enzyme digest was performed to produce species-specific restriction fragment profiles (Rawson et al. 2001) . DNA products were visualized on a 2% agarose gel containing 0.08 µg ml -1 ethidium bromide. The 3 molecular markers used in the present study were assumed to represent single-copy nuclear gene loci and to be diagnostically differentiated between Mytilus galloprovincialis and M. trossulus. The Glu-5' marker was originally described by Inoue et al. (1995) and Rawson et al. (1996a) who showed that it is a single locus marker and is diagnostically differentiated among allopatric reference populations of M. galloprovincialis and M. trossulus. Subsequent studies have confirmed that there are no shared alleles at this locus between these 2 species except in areas where the 2 hybridize (Rawson et al. 1999 , Toro et al. 2004 , Braby & Somero 2006 . The MAL-I locus was developed by Rawson et al. (1996b) and Southern analysis indicated that the marker is single copy. Rawson et al. (1996b Rawson et al. ( , 1999 found that there were no alleles at Mal-I shared between allopatric populations of M. galloprovincialis and M. trossulus. The ITS locus was developed by Heath et al. (1995) and is shown to distinguish M. galloprovincialis and M. trossulus in allopatric populations. Heath et al. (1995) found that ITS behaves as a single Mendelian locus in the progeny of test crosses between M. edulis × M. trossulus F 1 hybrids and M. edulis, despite the fact that rDNA is generally multicopy (see discussion in Heath et al. 1995) . Subsequent studies have confirmed that ITS is diagnostically differentiated among allopatric populations of M. galloprovincialis and M. trossulus and segregation of alleles at this locus in hybrid populations is consistent with that of a single-copy nuclear locus (Rawson et al. 1999 , Anderson et al. 2002 , Braby & Somero 2006 .
Individuals were genotyped at each locus separately and then assigned to 1 of 4 genealogical classes: Mytilus galloprovincialis, M. trossulus, F 1 hybrid and other hybrid genotypes. Only individuals who were successfully genotyped at all 3 nuclear loci were assigned to one of these classes. MAL-I and ITS did not amplify as readily as did Glu-5' despite repeated attempts and, consequently, the results reported for each gene locus separately may contain different sample sizes (see Table 1 ). Individuals were classified as M. galloprovincialis or M. trossulus if they were homozygous at all 3 loci for alleles diagnostic of each respective species. Individuals were classified as F 1 hybrids if they were heterozygous for alleles from each of the 2 species at all 3 loci. The final category of other hybrids consisted of individuals that exhibited multilocus genotypes that do not fit into the 3 other categories. These individuals were assumed to be the progeny of hybrid crosses beyond F 1 hybrid (e.g. backcrosses and F 2 ). We recognize that there is error in assigning individuals into distinct genealogical classes in this fashion. For example, among individuals which are heterozygous at all 3 diagnostic loci, the majority probably belongs to the F 1 genealogical class, but this genotypic category may also contain a fraction of individuals that belong to F 2 and first-and second-generation genealogical classes (Nason & Ellstrand 1993) . The probability of misclassification depends upon the true genealogical composition of a population but is generally small. We have ignored this source of error in the initial description of this hybrid zone. Unless otherwise specified, the term 'hybrids' refers to the combined genealogical classes of F 1 hybrids and other hybrids.
A G-test of independence (Sokal & Rohlf 1995 ) was used to determine whether there were significant differences in allele frequencies at the same site for all 3 loci, between years at the same site for all 3 loci, and for different size classes at the same site in the same year at each locus. When examining size classes, the ends of the distribution were condensed with neighboring size classes until the total number of individuals in the size class equaled or exceeded 10. Internal size classes were not combined. This procedure was first performed on the Glu-5' locus data and the resulting size classes remained consistent for the other 2 loci. Only sites containing more than 2 size classes were tested for significance. Goodness-of-fit G-tests (Sokal & Rohlf 1995) were performed for each locus at each location to determine whether genotype frequencies differed from Hardy-Weinberg equilibrium (HWE). For populations where samples were collected in both years, separate significance tests were performed for each collection year. Populations where the allele frequency for both alleles ranged from 0.1 to 0.9 were tested. No significance tests were performed on populations if the total sample size was < 20 individuals. For all statistical tests, α was set at 0.05. A Bonferroni correction (Rice 1989 ) was applied to all significance tests. The majority of the hybrid individuals along both the northern and southern coast had F 1 hybrid genotypes, but there was also a low frequency of individuals with genotypes characteristic of other hybrids. The frequency of other hybrids was greater among populations on the southern coast of Hokkaido compared to populations on the northern coast, but individuals with other hybrid genotypes were never common (Figs. 1 & 2) . The greatest frequency of other hybrids observed was only 17% at Muroran (MR). Numerous populations exhibited significant departures from HWE (Table 1) . Populations along the southern coast generally had significant excesses of heterozygous individuals, while populations on the northern coast had significant deficiencies of heterozygous individuals . Site names and codes are listed in Table 1 ( Table 1) . LNI was the only site on the northern coast that deviated from this trend: this population contained a significant excess of heterozygous individuals at all 3 loci in 2004 and only at the Glu-5' locus in 2006. Saruru (SR) and Niikappu (NP) were the only populations that had significant differences in allele frequencies between the 2 collection years. Both populations had significantly higher proportions of Mytilus galloprovincialis alleles in 2004 at all 3 loci in comparison to 2006 (p < 0.001). When we compared allele frequencies between years within comparable size classes, the differences between years remained significant at both sites. Since we observed a significant difference between the 2 collection years at these 2 sites, all data collected for both years were kept separate. There was no significant difference in allele frequency among the 3 loci at any site in either year.
RESULTS

The geographical distributions of
In 2004 there were no significant allele frequency differences among size classes for any locus at any location. In 2006 some locations displayed significant differences in allele frequencies among size classes. In the south, Toi (TI) and TY showed significant differences in allele frequency in reference to size (Table 2) . TI showed significantly fewer Mytilus galloprovincialis alleles at both 0 to 5 mm and 10 to 15 mm size classes but only at Glu-5' and ITS. TY showed a significantly higher frequency of M. galloprovincialis alleles within the 10 to 20 mm size classes, but only at ITS. In the north, LNI, LNO, Utoro (UT), Sarufutsu (SA) and SR had significantly greater proportions of M. galloprovincialis alleles among smaller size classes (Table 2 ). LNO and SR showed higher proportions of M. galloprovincialis alleles in individuals <10 mm, while UT and SA showed this same trend in individuals <15 mm. The LNI population displayed significantly fewer M. galloprovincialis alleles in individuals 20 to 35 mm in length. Individuals < 20 mm in length were not found at LNI. All of these sites showed similar significant differences at all 3 loci, except at SA where the difference was only significant at the Glu-5' locus. Table 1 DISCUSSION Mytilus galloprovincialis dominates the western portion of Hokkaido within the Sea of Japan, while M. trossulus is only common in samples from eastern Hokkaido. Hybridization occurs along both the northern and southern coast of the island where both species come into contact (Figs. 1 & 2) . Hybrid populations on the northern and southern coasts have considerably different genetic structures. There is a relatively smooth genetic cline along the southern coast, with western populations composed almost exclusively of M. galloprovincialis individuals and eastern populations composed almost solely of M. trossulus individuals. Within this cline, the frequency of hybrid individuals (F 1 and other hybrids) often exceeds 50%. In contrast to the relatively smooth genetic cline in southern Hokkaido, hybrid mussel populations in northern Hokkaido form a mosaic pattern with radical shifts in genetic composition over small distances, especially near the eastern portion of the coast (Fig. 2) . Hybridization levels along the northern coast of Hokkaido almost never exceed 15%, except at LNI where > 60% of the population were hybrids in both sample years ( Figs. 1 & 2) .
The Kuril Island chain extends off the eastern coast of Hokkaido (Fig. 3) (Kono 1997 ) and seasonally dependent (Ohshima et al. 2002) . Given the different genetic structure of hybrid mussel populations in northern and southern Hokkaido and their probable oceanographic isolation we conclude that these represent 2 separate hybrid zones. It is possible that, following its introduction, Mytilus galloprovincialis displaced and may be continuing to displace M. trossulus. Thus, the distribution of these 2 species and their hybrid zones may still be in flux and consequently the former may not relate to any environmental variable. We find this possibility unlikely. Blue mussels were first recorded in Honshu, near Hiroshima, in 1934 (Ishida et al. 2005 ). Blue mussels subsequently spread rapidly throughout Honshu (Ishida et al. 2005) where they have become a prevalent part of the marine fauna. Wilkins et al. (1983) first identified these invasive mussels to be M. galloprovincialis. All subsequent samples of blue mussel from Honshu have been confirmed to be M. galloprovincialis. Thus, M. galloprovincialis rapidly invaded Honshu and other portions of the Sea of Japan. In contrast, Oyashiro Cold Current blue mussels were reported prior to 1919 from Hokkaido and, based upon morphology, these specimens were confirmed to be M. trossulus (Wilkins et al. 1983) . Subsequent genetic studies have confirmed that M. trossulus does not occur south of Hokkaido (McDonald et al. 1991 , Inoue et al. 1997 , Suchanek et al. 1997 . Inoue et al. (1997) concluded, and we concur, that given the close proximity of Hokkaido and Honshu and the large volume of maritime traffic between the 2 islands, it seems likely that Hokkaido is the southern limit of M. trossulus in the northwest Pacific. In addition, the position of the hybrid zone between M. trossulus and M. galloprovincialis in southern Hokkaido appears to have been relatively stable for at least a decade. Inoue et al. (1997) reported the presence of hybrid mussels from 3 locations within the present position of the hybrid zone in southern Hokkaido.
Thus, it appears that the present distribution of M. galloprovincialis, M. trossulus and their hybrids has been in place for a substantial period of time. Thus, it is likely that environmental factors determine the biogeography of these species and the position of the 2 hybrid zones in Hokkaido. The distribution of the 2 species is correlated with sea surface temperature (SST). Mytilus galloprovincialis predominates in the Sea of Japan, which is generally warmer than the waters surrounding eastern Hokkaido. On the other hand, M. trossulus is found in portions of the western side of the Sea of Japan (Ivanova & Lutaenko 1998 , Skurikhina et al. 2001 ), and we found M. galloprovincialis in northern Hokkaido where SST is seasonally very cold and sea ice regularly forms during the winter (Fukamachi et al. 2006 . Thus, while the distribution of the 2 species is roughly correlated with SST, it is unclear whether and how temperature may control their distribution.
The distribution and structure of the 2 hybrid zones, however, appear to be related to the complex coastal circulation patterns around Hokkaido. In the south, the Tsugaru Warm Current (TWC) flows eastward through the Tsugaru Strait between the islands of Hokkaido and Honshu (Ohshima 1994 , Rosa et al. 2007 (Fig. 3) . The OCC travels southwestward along the eastern coast of the Kuril Island chain to contact the southeastern coast of Hokkaido (Kono 1997) (Fig. 3) . This circulation pattern establishes a gradient of warm water in the western portion of southern Hokkaido to cold water in the eastern portion of the coast. These currents also provide vectors of transport of Mytilus galloprovincialis from the Sea of Japan and M. trossulus from the Kuril Islands, where this species is prevalent (Wilkins et al. 1983 , Kawahara 2001 , to the southern coast of Hokkaido. The TWC and OCC converge at Cape Erimo (near SY) and are deflected to the south away from the coast (Conlon 1982 , Rosa et al. 2007 , which likely explains the noticeable shift in frequency of M. galloprovincialis and M. trossulus individuals observed around Cape Erimo (Figs. 1 & 2) . With these data it is not possible to separate the roles of the SST gradient from the directional physical transport in establishing the structure of the southern hybrid zone, but it does seem likely that coastal circulation plays a significant role in its architecture.
Similarly, coastal circulation patterns likely contribute to the mosaic genetic pattern observed in the northern hybrid zone. In this region, the ESC transports cold water southward down the eastern coast of Sakhalin Island which is displaced eastward by the Soya Warm Current (SWC) traveling eastward through the Soya Strait between Hokkaido and Sakhalin Island (Watanabe 1963 , Ohshima 1994 (Fig. 3) . The interaction of the 2 currents causes turbulent mixing along the northern coast of Hokkaido until the conjoined currents flow northward along the western margin of the Kuril Islands (Fig. 3) . The 2 currents likely transport mussels from different sources, Mytilus galloprovincialis from the Sea of Japan and M. trossulus from Sakhalin Island (Wilkins et al. 1983) , and the turbulent mixing of these currents likely contributes to the mosaic structure of the hybrid zone in northern Hokkaido (Figs. 1 & 2) . Again, whether this is due to the formation of a mosaic distribution of thermal habitats, heterogeneous mixing of larvae from different sources or both cannot be determined with data from the present study.
The Northern and Southern Hokkaido hybrid zones both have low frequencies of other hybrids, similar to previous reports of low levels of introgression in contact zones between Mytilus galloprovincialis and M. trossulus (Rawson et al. 1999 , Anderson et al. 2002 . However, the hybrid zones in Hokkaido differ markedly from each other in the observed frequency of F 1 hybrids. The northern hybrid zone, with exception of LNI, exhibited heterozygote deficits in every population (Table 1 ) and low frequencies of F 1 hybrids (Figs. 1 & 2) . In stark contrast, populations in the southern hybrid zone exhibited exceptionally high levels of hybridization with the frequency of F 1 hybrids frequently exceeding 50% (Figs. 1 & 2) and typically contain far more heterozygous individuals than expected under HWE (Table 1, Fig. 4 ). This level of hybridization is several times greater than levels reported from other locations (Fig. 4) . Previous studies on hybrid populations from the northeast Pacific have reported on average 10 to 20% hybridization between M. galloprovincialis and M. trossulus (McDonald & Koehn 1988 , Sarver & Foltz 1993 , Rawson et al. 1999 . A few cases of hybridization levels exceeding these ranges have been reported in the northeast Pacific (Anderson et al. 2002 , Wonham 2004 , Schneider & Helmuth 2007 , but these are rare and isolated incidences and do not reach the levels seen in Hokkaido. Hybrid zones in California and the Puget Sound generally have frequencies of heterozygous individuals that are far below HWE (Fig. 4) , which results from these populations being largely composed of mixtures of the 2 parent species.
The exceptionally high levels of hybridization observed in populations around southern Hokkaido suggests the presence of a hybrid swarm with relatively free interbreeding which would lead to virtually every individual being the result of some type of mating among hybrids. This, however, is not the case; the vast majority of hybrids are heterozygous at all 3 nuclear genes, consistent with their being F 1 hybrids. The low frequency of other hybrid genotypes found around Hokkaido is consistent with that observed in the Mytilus galloprovincialis and M. trossulus hybrid zones in California and Puget Sound (Rawson et al. 1999 , Anderson et al. 2002 . Thus, the unique feature of the 2 hybrid zones in Hokkaido is the exceptionally high numbers of F 1 hybrids without the apparent free intercrossing found in some hybrid swarms between other pairs of species of Mytilus (e.g. Wilhelm & Hilbish 1998) .
Why is the frequency of F 1 hybrids in southern Hokkaido so much greater than observed in other locations where Mytilus galloprovincialis and M. trossulus are sympatric? There are 2 general possibilities: enhanced outcrossing and F 1 hybrid vigor. If mating between the 2 species is more likely than mating within a species this would generate an excess of F 1 hybrids in the progeny. It would require exceptionally strong outcrossing to produce the high frequency of F 1 hybrids observed in some populations in southern Hokkaido. At NP, for example, approximately 75% of all progeny would have to have been produced by interspecific crosses to account for the observed frequency of F 1 hybrids. Alternatively, strong preferential survival of individuals with F 1 hybrid genotypes (hybrid vigor) is another possible explanation for the extremely high levels of hybridization observed between M. galloprovincialis and M. trossulus in southern Hokkaido. Matson et al. (2003) , however, did not observe any evidence of F 1 hybrid vigor for growth or survival of larvae produced by crossing M. galloprovincialis and M. trossulus. Regardless of whether outcrossing and/or hybrid vigor generate such high frequency of F 1 hybrid genotypes in these populations, the mechanism(s) must be environmentally dependent because extremely high frequencies of F 1 hybrid genotypes have not been observed in other hybrid zones between these 2 species.
Despite the high frequency of F 1 hybrids observed in populations in southern Hokkaido, the frequency of other hybrid genotypes is very low, similar to that observed in other populations, suggesting that either F 1 hybrids have relatively low fertility and consequently F 2 and backcross hybrids are rarely formed, or individuals with other hybrid genotypes have poor survival (hybrid breakdown). Both mechanisms have been widely documented in other hybrid zones (Harrison 1993) , but neither has been reported in mussels. Testing these hypotheses will require detailed analyses of the propensity of Mytilus galloprovincialis and M. trossulus to interbreed in Hokkaido and the relative vigor and reproductive potential of F 1 and other hybrid progeny. 
